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INTRODUCTION 
Pur,E_<?Se 
This study was undertaken in an attempt to determine some of the 
factors which may influence the survival of Utah game farm-reared 
pheasants following their release into the wild. The survival of these 
birds is below the desired level after they are released, as is indi-
cated by the low percentage taken by the sportsmen during the hunting 
season. In recent years the return from released game farm-reared 
pheasants is about 7 to 8 percent. 1 consequently, if surviva1 rate of 
these birds could be increased, more birds would be available to supple-
ment the w.i.ld stock. Also, an increase in the pheasant population 
throughout the state would make more birds available to sportsmen 
during the hunting season. 
Scop:, 
This investigation involves a study of three factors which may 
influence the survival of pheasants released from game farms. Named in 
the order of their importance as they appear in this paper, these 
factors are: 1. a study of the levels of carotene and vitamin A stored 
in the livers of game farm-reared and wild pheasants, 2. the effects 
which a conditioning process may have on the birds, and 3. the effects 
which transportation from one locality to another may have on the birds. 
The number of game farm birds taken by the sportsmen during the hunting 
season was to be used as an indication of the survival of the birds. 
1. Data obtained from Clifton M. Greenhalgh, Project Leader F. A., 
37-R, Utah State Fish and Game Department. 
2 
Review of Literature 
Within the last decade the importance of vitamin A as a possible 
factor in the survival of bobwhite quail has been studied extensively 
by Nestler (ll, 12, 14). He concluded that, although vitamin A defi-
ciency has not actually been proved to exist in wild quail, such a 
possibility is not remote, especially if a hot, dry growing season in 
which little carotene is manufactured by the plants is followed by a 
severe winter. He also stated that acute A-avitaminosis in game birds 
may seldom or never be detected by the biologist because the victims 
would be easy prey to predators. Schultz (19) studied vitamin A in 
bobwhite quail and concluded that a vitamin A deficiency did not appear 
to be a limiting factor for this game bird during the winter of 1946-
1947 in Ohio. Thompson (21) studied vitamin A storage in pheasants 
and states that vitamin A as a survival factor in the population from 
which his samples were taken is unlikely. Furthermore, he indicates 
that no seasonal variation in the quantity of vitamin A stored was 
apparent in the birds he studied. o,Toole (16) made a preliminary 
study of vitamin A in Utah pheasants in 1948 and found that wild birds 
usually stored greater amounts of vitamin A in their livers than game-
farm birds of the same age. 
3 
METHODS AND PROCEDURE 
Selection and Treatments of the Birds 
----- ---- ----~ -----
Three groups of game farm-reared pheasants were chosen at random 
from the flock at the Utah Fish and Game Department Qaine Farm at Price, 
Utah. Ea.ch group consisted of 200 male birds from the brood which 
hatched May 17 and 18, 1949. The groups were designated 8-«eek-released, 
conditioned, and 12-week-released groups according to the time they were 
released and the treatment they received. 
Two groups (the birds to be released at 8 weeks of age and the birds 
to be conditioned) were banded on the legs with numbered aluminum tags 
and placed in shipping crates the evening of July 11, 1949. The birds 
were 8 weeks old at that time. The next day, the two groups were trans-
ported on a pickup truck to the Utah Upland Grune Bird Refuges at Roose-
velt and Vernal, where pens had been constructed for conditioning the 
birds. TWo hundred birds that were to receive the conditioning process 
were divided equally and placed in a pen at each refuge, where they 
remained for 4 weeks. The remaining group of birds was taken to a study 
area south of Jensen, Utah, and released the afternoon of July 12 in 
groups of 20 at 10 different release sites within the study area. 
The third group (to be released at 12 weeks of age) remained an 
additional 4 weeks at the game farm. At the end of tne 4-week period, 
August 10, 1949, they were banded, crated, and transported to the study 
area. On the same day the conditioned birds at Roosevelt and Vernal 
were crated and transported to the study area. These groups of birds 
were then released, being distributed in proportionate numbers at the 
same release sites as were the 8-week-released birds. 
Wild pheasants, trapped throughout the period of study, served to 
indicate the amount of carotene and vitamin A stored in the liver of 
pheasants under wild conditions. 
conditioni!)g Process. The purpose of the conditioning process was 
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to provide a semiwild environment for the birds. It was hoped this 
environment might help the birds adapt themselves to their wild environ-
ment after release. 
The conditioning pens were 150 feet wide, 200 feet long, and 6 feet 
high. They were closed-top type pens, constructed over cover which was 
similar to that which the birds would encounter after they were released. 
During their sojourn in the conditioning pens, the birds were not 
molested, except that an attendant searched the pens twice daily for 
dead birds. 
Initially the birds were fed the same mash they received at the 
game farm.,1 The percentage of mash was gradually decreased and a mixture 
of whole grains gradually increased, until at the end of the study the 
birds were receiving a mixture of corn, wheat, and barley (12 percent 
corn, 44 percent wheat, and 44 percent barley). The ration was scattered 
on the ground after dark in order not to disturb the birds. 
An adequate amount of water was available to the birds at all times. 
StU9:l_ ~• The study area represented optimum pheasant range, and 
was located about 3 miles southwest of Jensen, Utah. It covered 650 
1. The exact chemical composition of the mash is not known, but from 
data supplied by the company from which the mash was purchased, 
the amount of vitamin A was calculated to be about 7850 u.s.P. units 
per pound of mash. 
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acres of bottom land of the Green River. The human population of the 
area included four families -whose livelihood was agriculture. Since 
only one road entered the main section of the area, it was easy to cont-
rol during the hunting season when a check was made on the number of 
birds taken. 
The area was well supplied with vegetation. Cultivated crops con-
sisted chiefly of alfalfa and barley; lesser amounts of wheat, oats, 
and garden crops were present. Native vegetation of grasses and weeds 
lined the ditch banks and fence rows, and was plentiful in the areas 
adjacent to the cultivated fields. This forage offered an excellent 
potential food supply as well as good cover and roosting grounds for 
the birds. 
The natural boundaries of the area were beneficial for the study be-
cause they acted as barriers to discourage migration of the birds in 
three directions. To the north, the area was open; however, no movement 
of the study birds in that direction was noticed. To the east, the area 
was bounded by the Green River, on the other side of which were barren 
hills. On the west side of the area, barren alkali hills formed a 
natural boundary. At the south end of the area, the eastern and western 
boundaries joined at an angle. Observations of the birds showed that 
they remained in the study area at least until the hunting season began. 
Field Observations. Notes were kept on the behavior of the birds 
throughout the study. The birds in the conditioning pens were observed 
daily to determine their response to the conditioning process. Observa-
tions were also made on the birds after they were released into the study 
area. It was hoped that the information obtained from these observa-
tions could be correlated with the survival of the different groups as 
6 
indicated by the number of birds taken by the sportsmen during the hunt-
ing season. 
To enable the field personnel to identify the different groups 
after they were placed in the study area, the back of the heads of the 
conditioned and 12-week-released birds were painted yellow and red, re-
spectively, with oil paints mixed with ca.rbontetrachlo ride. The 8-week-
released group was not painted. The lack of color did not prevent the 
field personnel from identifying this group because characteristics of 
size, flight, and coloration readily distinguished them from the wild 
birds. 
Methods ~ Samplin,,g_0 The trapping schedule for taking samples of the 
birds from the study area consisted of early morning and evening attempts 
three days weekly. This schedule continued until all groups had been in 
the study area for 4 weeks; thereafter biweekly samples were taken. Dul-
ing the remaining 4 days of the week the birds were observed in order to 
study such details as movement trends and changes of feeding and water-
ing habits. These observations enabled the traps to be set more effec-
tively on the trapping days. 
Samples of the 12-week-released and conditioned birds were taken 
during the first 4 weeks of the study by randomly removing the birds 
from the conditioning pens and the Price Game Farm. 
The first sample was taken July 12, 1949, when the birds left the 
game farm; the last sample was taken October 29, shortly before the hunt-
ing season opened. The number of birds taken for each sample varied ac-
cording to the success encountered in trapping. Six birds from each 
group was set as the sample number, but this number was reduced to four 
after the conditioned and 12-week-released birds were placed in the 
7 
study area. The reduction in sample number increased the probability of 
obtaining birds at later dates. 
The following methods were employed in sampling the birds: 1. Two 
light, portable throw nets were constructed by attaching war-surplus 
camouflage netting to a circular loop of electrical conduit pipe. The 
loops were 6 feet in diameter, and the netting was attached loosely to 
the frame to form a pocket. 
These nets were used when a bird was observed to hide or run in 
forage of short length. An attempt at capture was made by throwing the 
net over the spot where the bird was last seen. The nets were effective 
over a distance of 39 to 4o feet from the operator. Ideal cover for 
their use was short weeds, alfalfa, and grain; however, care was neces-
sary when using nets in cultivated crops in order not to damage the 
plants. Approximately one-fourth of the total number of birds obtained 
from the stud y area was trapped with throw nets. 
2. Fourteen light collapsible traps were constructed by attaching 
sides to a 4- by 6-foot frame of light electrical conduit pipe. The 
sides were 1- by 2-inch mesh chicken flooring wire and were 18 inches 
high. The traps were designed so that the sides could be folded over 
the top of the trap. The top was made of 1 inch mesh chicken wire. 
Several of these traps could be transported by one man from one location 
to another. 
These traps were set along fence rows, ditch banks, and in escape 
cover. Each trap was set by placing it flat on the ground with its 
mouth facing the direction of approach of the birds. Camouflaging the 
mouth of the trap with grass and weeds, and maldng trails through the 
cover which led to the mouth, increased the effectiveness of the trap. 
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The mouth of the trap was funnel shaped and extended 1 to 2 feet toward 
the center of the trap; the apical end of the funnel was usually ad-
justed to a width of 6 inches. After birds had entered the interior 
of the trap there was no evidence of their escaping through the mouth. 
Effectiveness of the traps depended upon where and with what 
skill they were set. A single trap yielded five birds in one d~ when 
carefully placed in a strategic spot. In three days' time, another trap 
captured more than a dozen birds. These traps accounted for at least 
one-half the total number of birds taken from the study area. 
3. A large trap was constructed in the shape of a right angle 
having sides 300 feet long. At the apex of the trap an opening 2 feet 
wide led into a pen where the birds were held. The sides were made of 
2 inch mesh chicken wire and were 8 feet high. This trap was perma-
nently located in greasewocd and heavy cover adjacent to alfalfa and 
grain fields of the area. 
In the morning and early evening 2 to 6 men walked cautiously 
through the fields driving pheasants toward the apex of the trap. When 
the drive was successful, the birds would run through the cover a 
considerable distance in front of the men, and would be trapped in the 
pen several minutes before the drive was terminated. 
The returns from this trap were not favorable until late September 
and October. Factors influencing the poor results early in the season 
were a late hatch of wild birds, dense early developing cover, and the 
handicap of not being able to drive the cultivated fields thoroughly. 
However, this method accounted for approximately one-fourth of the 
samples taken from the study area. 
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™~Samples. The birds were weighed to the nearest gram immedi-
ately after they were captured. They were then placed in light, padded 
crates and taken from the study area to the Vernal Refuge, a distance of 
about 15 miles. At the refuge the birds were again weighed to determine 
the weight loss. They were killed by decapitation, and the whole livers 
were removed and placed in 2-ounce green ointment bottles. In order to 
assure a tight seal, the lids were dipped in melted paraffin and allowed 
to cool before being placed on the bottles. The bottles containing the 
livers were placed in a deep freeze unit and stored at -10 degrees c. to 
await analysis for carotene and vitamin A. 
-Effect ~ Transportation ~ Pheasants. Twelve birds were chosen at 
random from the Price Grune Farm at the beginning of the experiment to 
determine whether the carotene and vitamin A levels were affected by 
transporting the birds from one location to another. Six birds were 
killed at the Price Game Farm and their livers taken at the time the 
8-week-released, and conditioned birds left the farm. Upon arrival of 
the two groups at the Vernal Refuge, an additional 6 were killed and 
their livers taken. 
Comp~rison ££ Feedi!!;& ~ ~ Pellets ~ Growill& ~ !'.£_ Pheasants. 
An experiment was conducted at the Price Grune Farm to determine the com-
parative nutritive value of a weed seed pellet and the ordinary game bird 
mash pellet used as the standard diet at the farm. The body weight gain 
and storage of carotene and vitamin A in the livers of the birds were 
used in estimating the values of the two feeds. 
The chemical composition of the weed seed pellet is not known, but 
it consisted of alfalfa, and of weed seeds obtained from cleaning grains. 1 
1. Information obtained from Clifton M. Greenhalgh, Project Leader, F. A., 
37-R, Utah State Fish and Game Department. 
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TWelve groups of birds, consisting of 1 cock and 4 hens per group, 
were chosen at random from the same flock that the previous groups were 
taken. Duplicate groups were fed six different diets consisting of 
various percentages of weed seed and the game bird mash pellets. 
The livers of 18 birds from 3 selected groups were taken to be 
analyzed for carotene and vitamin A. Six birds were taken from the 
group fed 100 percent growing mash, six from the group fed 100 percent 
weed seed pellets, and six from the group fed 60 percent weed seed 
pellets and 40 percent grovring mash. Not all groups were sampled be-
cause it was felt the above samples would give the desired information 
about vitamin A storage. However, more extensive data on the body weight 
gain were kept on the groups by personnel at the game farm, but are not 
ava-tlable for this paper. 1 
These birds were transported to the Vernal Refuge on August ao, 
where they were killed and the livers removed, frozen, and stored until 
analysis for carotene and vitamin A could be made. 
Y,borato;ry: Analysi! ~~Livers 
Analyses of the livers for vitamin A and carotene were performed 
in the physiology laboratory at the Utah State Agricultural College, 
Logan, Utah • .Analyses were started January 17, 1950, and completed 
.April 8, 1950. 
Procedure. The method of analysis for carotene and vitamin A in the 
livers was modified slightly from that described by Gallup and Hoefer 
(6). The livers were thawed at 5 degrees c. for 24 hours before the 
1. Information can be obtained from Clifton M. Greenhalgh, Project 
Leader, F. A., 37-R, Utah State Fish and Game Department. 
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assays were begun. Eight to 16 liver samples were analyzed in one day. 
Appro:ximately 15 percent of the livers were analyzed in duplicate. 
Bottles containing the livers were weighed to the nearest one-
hundreth gram after thawing. This weight was used later in calculating 
the weight of the liver. The livers were ground and mixed for a minute 
and a half with a malt mixer, the mixer blade being introduced directly 
into the bottle. Analyses were performed in a semidark room to prevent 
deterioration of carotene and vitamin A by light (6). 
A sample of about 1 gram of liver was accurately weighed to the 
nearest milligram in a 4o ml. glass-stoppered conical tipped Maizel-
Gerson reaction vessel. Five-tenths ml. of a So percent potassium 
hydroxide solution and S ml. of ethyl alcohol were added to each Salllple. 
Glass stirring rods inserted through a cork of sufficient size to cover 
the mouth of the reaction vessels were placed in each vessel to prevent 
evaporation of the alcohol, and also to stir the samples during digestion. 
Digestion of the samples was carried out in a water bath set at 75 
degrees c. for a period of 45 minutes or until all the tissue was 
digested. Rarely did digestion require more tha.~ 45 minutes. By stir-
/ 
ring the samples at 10-minute intervals, it was found that digestion 
was greatly facilitated. After digestion, the stirring rods were washed 
and the samples brought to original volume with alcohol. Five ml. of 
distilled water was added to each sample: afterwards, the samples were 
cooled for 15 minutes in a refrigerator at 5 degrees c. 
Extraction of the vitamin A and carotene was accomplished by adding 
15 ml. of Skelly solve F1 to each sample and shaking vigorously for 4 
minutes. The vessels were then centrifuged for 10 minutes at 1800-2000 
1. A petroleum ether fraction with boiling range of 30 to 6o degrees c. 
12 
r.p.m. Five ml. of the extract was pipetted into a 19 by 105 mm. 
cuvette and read at 436 millimicrons for carotene on a Junior Coleman 
Spectrophotometer. The instrument was set at zero on the density scale 
with a blank of 5 ml. of skelly solve Fin a 19 by 105 mm. cuvette. 
A.liquotes of the 5 ml. of solution from which the carotene readings 
were made were pipetted into a clean dry cuvette and the amount of 
vitamin A determined. The volume of the aliquote taken depended upon 
the concentration of the vitamin A in the liver sample. cuvettes con-
taining the aliquotes were placed in a water bath at 45 degrees c. and 
attached to the suction line of a vacuum pump. Eight samples were 
evaporated at once. Evaporation took place under a pressure of 10 
inches of mercury for 3 minutes, followed by 18 to 23 inches of mercury 
for 2 minutes. The samples were examined after evaporation to be sure 
they were dry; then 2 drops of reagent grade acetic an..11ydride and 1 ml. 
of reagent grade chloroform were added to the residue. 
The vitamin A reading was taken rith the Junior Coleman Spectrophoto-
meter set at 620 millimicrons. The instrument was set to zero density 
with a cuvette containing 9 ml. of a 25 percent solution of antimony 
trichloride in chloroform, to which 1 ml. of chloroform and 2 drops of 
acetic anhydride had been added. A correction similar to that used by 
Dann and Evelyn (3) was made in the vitamin A reading owing to the 
presence of carotene. 
After the addition of chloroform and acetic anhydride to the eva-
porated aliquote, the vitamin A blue color was produced by adding 9 ml. 
of a 25 percent solution of antimony trichloride in chloroform. The 
cuvettes were placed in the spectrophotometer and read within 5 seconds 
after the antimony trichloride solution was added. A 10 ml. Yale B-D 
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lok-control hypodermic syringe fitted wi. th an 18 gauge hypodermic . needle 
was used to add the antimony trichloride solution. 
Most of the reagents used in the analyses were added by standard 
burettes; chloroform was delivered from a 5 ml. capacity micro-burette, 
and the acetic anhydride was delivered from an ordinary eye-dropper. 
Checks~ Standards. Immediately after the sample of liver was taken 
from the ointment bottles, the latter were returned to the deep freeze 
unit. About 4 months after the first analysis was made, approrimately 
20 percent of the livers were reassayed to determine the effect of 
storage upon the levels of vitamin A and carotene. 
Ninety percent beta and 10 percent alpha carotene was used as the 
standard for the carotene assays, and u.s.P. reference standard vitamin A 
in gelatin capsules served as the standard for the vitamin A analysis. 
Recovery values of added amounts of carotene and vitamin A by this 
method vary from 96 to 100 percent as reported by Gallup and Hoefer, and 
Mapgelson, ~ ~. (6, 10). 
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RESULTS AND DISCUSSION 
ColilQarisons ~Body~ ~ ·weights!£ Study Birds 
14 
Table 1 shows the average body and liver weights, and the levels of 
carotene and vitamin A in the livers of the 81eek-released, conditioned, 
12-week-released, and wild pheasants. The data were analyzed statisti-
cally by analysis of variance as outlined by Snedecor (20). Individual 
analysis of variance for the groups was computed for each collection 
number. The analysis included t-tests for significance for all combina-
tions of the groups in each collection. 
It should be noted that the individual wild birds were not neces-
sarily the same age as the game farm birds on a given collection date. 
The wild birds were grouped with the game farm birds of comparable age 
for statistical comparisons, except for the first collection, rather 
than according to the collection in which they were taken. The two 
wild birds in the first collection were 6 weeks old. Since no 8-week 
wild birds were taken, these two birds were compared with the 8-week 
old game farm birds. This comparison was made primarily to determine 
differences in carotene and vitamin A levels rather than body and liver 
weights . The age of the wild birds was determined by the method of 
Buss (2). 
Within each collection, comparisons were made of the average body 
and liver weights of the different groups. Al.so, comparisons were 
made of the average levels of carotene and vitamin A in the livers, 
both on a per gram and on a whole liver basis. Unfortunately, samples 
of each group of study birds were not obtained for each collection 
date. In spite of this, statistical comparisons were made on the 
groups represented. 
Table 1. Average body and liver weights., and carotene and vitamin A content of the livers of 8-week-
released., conditioned., 12-week-released, and wild pheasants 
Average carotene Average vitamin A 
Mean Mean of liver of liver 
Collec- Age of Number body liver (microl£:ams} (U.S1 P1 units) 
tion birds of wt. wt. Per gm. Per Per gm. Per 
number (weeks) Grou:e birds (~s.) (&!!!S1 l of liver liver of liver liver 
1 8 game fann ~ 6 568 12.00 4.2 0 50.29 190 2.,279 
wild 2 263 6.38 7.5L. 4o.97 514 3,330 
2 9 8-wk.-rel 0 6 482 8.53 8.55 10.45 253 2,090 
cond. 6 500 12 • .38 12.66 165.27 2l.4 2,814 
12-wk.-rel. 6 662 11.27 4.55 51.43 229 2.,552 
wild 2 502 10.16 14.21 llili.96 549 5,578 
3 10 8-wk.- rel 0 5 666 12.98 12.00 153.58 257 4,563 
cond. 6 608 16.06 14.85 221.00 206 3.,188 
12-wk0 -rel 0 6 808 13.50 4.J5 59.72 300 4.,083 
wild 3 7l-5 14.0l 27.92 392.56 613 8.,Lll 
4 11 8-wk0 -rel 0 0 
cond0 5 746 18.70 15.52 284.94 289 5,368 
12-wk. -rel. 6 867 14.80 4.39 64. 21 298 3.,306 
wild 1 844 13.49 29. 57 398.oo 9L.7 12., 777 
5 12 8-wk.-rel. 0 
--
cond0 6 775 25.23 12.90 332. 87 268 6.,318 
12-.vk. -rel. 6 979 15.86 5.16 83.65 36o 5.,769 
wild 1 847 17.41 26.80 466.58 901 15,695 
6 13 8-wk0 -rel 0 2 988 15.47 28.36 459.98 723 ll,430 
cond0 4 736 14.02 19.29 278. 77 464 6,532 
1.2-wk. -rel. 4 850 14.45 6.90 103,43 4ol 5, 861. 
wild 5 1,056 16.10 21.05 346.38 1.,083 l~.,ot5 
7 14 8-wk0 -rel 0 2 1.,121 18. 46 11. )-1-0 204.20 757 13, 988 
cond. l 905 17. 45 18.94 309.64 622 10, 480 12-wk. -rel. 1.,038 18.83 13.35 255.12 554 l0,353 
wild 2 1.,012 19.41 21.74 418.18 1.,237 23,950 
8 15 8-wk0 -rel 0 3 1.,047 16.u 16.90 262.84 774 12.,447 cond0 4 980 15.74 17.84 280.96 628 9,912 12-.vk. -rel. 5 995 18.35 16.84 306.85 538 9.,819 
-wild 2 1,248 17.75 20.23 363.66 1,938 34,226 
9 16 8-wk0 -rel 0 2 1,190 11.20 19. 65 336.42 1,000 17.,120 
cond0 4 1..,003 15.98 20.89 334. 38 879 14.,100 12-wk. -rel. 5 1,223 23,10 22,06 497 .52 809 18,283 
wild 0 
---
10 18 8-wk0 -rel 0 2 1,348 21.28 20.79 448. 24 1.,295 27.,810 
cond. 4 1.,2u 18. 70 26.05 480.18 1.,354 24,900 12-wk.-rel. 1 1.,110 16.87 25.46 429.50 1,179 19.,89o 
wild 0 
-- --
11 20 8-wk0 -rel 0 2 1,361 17.22 18.54 317.88 1.,567 26,215 
cond0 3 1.,3o8 18.39 13.23 242.49 1.,288 23.,813 12-wk. -rel. 4 1.,328 190 01. 11.00 316. 58 11,364 25,768 
wild 0 
--
12 23 8-wk.-rel. 2 1,368 15.37 22. 52 346.96 2,415 37,179 
cond. 2 1,438 180 08 18.29 338. 6o 1,976 36.,2oB 12-vik. -rel. 2 1.,485 24.94 16.49 411.54 1.,379 34.,110 
wild 0 
• Gallle farm-reared pheasants taken as the initial sample at the time the groups were designated • 
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Even though there is a difference between two means for a given 
collection, this difference may not be significant statistically due to 
the different number of birds in each group, and the considerable indivi-
dual variation within the groups. 
Body Weights. Table 1 and figure 1 give the average body weight of 
the different groups. It is evident that the body weight of the 12-vfeek-
released group was significantly greater than that of the conditioned 
and 8-week-released groups while they were at the game farm. This was 
probably due to the higher caloric and protein intake of the birds at 
the game farm. The average weight of the 12-week group decreased the 
first week after the group was released. This loss caused a highly 
significant difference in the body weights of the 12-week and 8-week-
released groups for the sixth collection. The decrease in weight of 
the 12-week-released group may have been due to changing the environ-
ment of the birds from the game farm to the wild. 
comparison of the body weights for the remaining collections 
failed to show any differences among the game farm groups. The body 
weights of the wild pheasants were not significantly different from the 
game farm birds, except in the first collection. The difference be-
tween the wild and game farm birds in this collection was undoubtedly 
due to the younger age of the wild birds. 
~ Weights. Table 1 and figure 2 show the average liver weights 
for the different groups. The comparisons of liver weight of the groups 
failed to produce any convincing evidence that a difference e:xisted 
among the various groups. 
According to Guilbert (7), the weight of the liver depends upon 
the storage of glycogen and other products of digestion. Therefore, the 
time of day the bird was taken, the distance it was transported, and the 
17 
1500r-------,---,-------.-- -,------r----.----,-----,----,-------.-------,-----.-----, - --,-------,---,-------, 
I 400 1---- P- H_E_A_S_A_N_T_S_------1REM- OJ E [) ~ Fii0-M GAME FARM 
AND RELEASED INTO STUDY AREA 1300 1----->,J -----
1200 
1100 ~-
<nlOOO 
2 
< 
~ 900 
- ~ I 
/ 
- L --· -
/ 
/ 
. 
• 
• 
I.. 
:z: 800 
~ 
"'700 3 
PHEASANTS REMOVED FROM CONDITIONING 
RELEASED INTO ST UDY AREA 
I 
_J ____ j 
- ' 
-l...- --- I -- .-_._.. 
-' 
~ 
I 
-+ 
-I 
PENS AND 
I 
I 
. -f-
I 
---8 - WEEK-RELEASED PHEASANTS 
300 r -- 1 . - ·t -• - CONDITIONED PHEASANTS 
-------12-WEEK-RELEASED PHEA$ANTS 
200 1--- -+-----+ - -- WILD PHEASANTS 
IO O 1---------+- ---+-----+---+--+------+---+- ---+---+--+---+- --+-- +----+--, 
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
AGE ·(WEEKS) 
FIG. I. COMPARISON OF BODY WEIGHTS OF PHEASANTS 
18 
3 0 .--- -r---,.--.- -~---r- --r- --r- --r---,---,---,---,----r---,------,---,---r-----t 
28 1- --+ ---+--+------+-I . - ~- - -- -~ -- ~ 
26 
--t- - ~ ------+---+-- -,-- --1 ---- 8 - WEFK- f.:FLE ASED PHEASANTS 
- • - CONDITIONED PhEASANTS 
-- - - --- 12- WEEK - Rf LEASED PHEASANTS 
- - - WILD PHEASANTS 
' 
I s-r~- ~----!· - -- , ____ . ! --I 
r 4 t--- ----1- --+- --+----t- ---+---t--- ~ ---+-· --l-- --t----+---t---+----+ - --+-~-
I 
2 >-- ---+--+ 
-r 
I 
0'-----''-----'--------'--~-_,_ _ _.__ _ _.___...,___..___,_____. _ ___._ _ __.__~-----'--- ---'-- ~ 
9 10 11 12 13 14 15 16 17 18 19 20 21 2 2 23 24 25 26 
AGE-(WEEKS) 
FIG. 2. COMPARISON OF LIVER WEIGHTS OF PHEASANTS 
19 
length of time since the last feeding might be important factors influ-
encing liver weight. Regardless of these influencing factors, it is 
interesting to note that, in general, the liver weights of the birds 
were similar. 
compar~sons £f_ carotene~ Vitamin!~~~ Studl ~irds 
carotene Per Gram of Liver. Table 1 and figure 3 give the average 
-------
levels of carotene per gram of liver. The data show that the wild birds 
stored significantly higher levels of carotene per gra:m of liver tha.~ did 
the game farm birds. This is evident in the third, fourth, and fifth 
collections. The storage of greater amounts of carotene by the wild 
birds probably indicates that they were eating foods higher in carotene 
than were the ga:me farm groups during the first 5 weeks of the study. 
Furthermore, the 8-week-released and conditioned groups stored more 
carotene than the 12-week-released group during the time the latter 
group remained on the game farm. 
After all groups had been in the wild for one week, subsequent 
comparisons for the duration of the study failed to show any significant 
differences in carotene stored per gram of liver. 
carotene:!:!:~ Liver. Tableland figure 4 show the storage of 
carotene in the livers of the groups on a whole liver basis. Group 
comparisons for carotene on whole liver basis gave results similar to 
those obtained on per gram liver basis; however, other evidence is pro-
duced that indicates the conditioned birds during the conditioning 
process stored more carotene than either group of game farm birds. This 
evidence is encouraging for the conditioning process, for it indicates 
that the birds became familiar with foods high in carotene. 
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Table 1 and figure 5 give the data on 
the amounts of vitamin A stored per gram of liver. Results obtained 
from 18 group comparisons show that the wild birds stored more vitamin 
A per gram of liver than any group of game farm birds. Of the 18 
comparisons, 16 were highly significant and 2 were significant. The 
amount of vitamin A per gram of liver in the wild birds was 2 to 5 
times greater than that found in game farm birds of corresponding 
ages. 
The comparisons made between the groups of game farm birds failed 
to indicate any significant differences in vitamin A stored per gram 
of liver. 
Vitamin A in Whole Liver. Table 1 and figure 6 show the average 
---
amount of vitamin A in the whole liver. Group comparisons with this 
data give results similar to those above, for they show that the wild 
birds stored significantly more vitamin A in their livers than did the 
game farm birds. 
No significant difference existed among the game farm groups. 
Vitamin A storage in the livers of birds may be hereditary, for 
Nestler (13) and Woodward (24), working with bobwhite quail, presented 
evidence to support the theory that the ability to store vitamin A is 
associated with an inherited character. Experiments should be con-
du?ted to determine -whether hereditary differences exist between game 
farm and wild pheasants which might cause the wild birds to store more 
vitamin A than game farm birds. 
The results concerning the amounts of vitamin A in the livers of 
the birds studied indicate that as the game farm birds grew, the 
storage of vitamin A increased with liver size. This may indicate 
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that a surplus of carotene or vitamin A was available to the birds, but 
whether storage of the surplus was below normaJ. is not known. After 
liver size reached its peak (about 12 to lh weeks as indicated in 
table 1)., storage of vitamin A was more rapid per unit time. All groups 
of farm birds indicated an ability to utilize carotene and convert it 
into vitamin A after they were released into the wild. 
Recent work by Thompson (21) 1 who studied vitamin A storage in 
pheasants, shows that 8-week old birds, prior to their release into 
the wild, stored 36 to 40/'g. of vitamin A per gram of liver (or about 
170 u.s.P. units as calculated from conversion factors given by Rosen-
berg (17)J. These values approximate those obtained in this study. An 
average of 190 u.s.P. units per grain of liver was found in 8-week old 
birds at the beginning of this study. Thompson's vitamin A values in 
the whole liver of wild juvenile pheasants ll to 15 weeks of age were 
considerably higher than those in this study. His average was 9.45 mg • ., 
or about 42.,000 u~s.P. units of vitamin A per gram., whereas the average 
in this study was 21,000 u.s.P. units. The greater number of birds 
used in his investigation., the difference in locality, and other factors 
could have contributed to such a difference. Insufficient information 
made it impossible to further compare the game farm-reared birds used 
in the two studies. 
Thompson concluded from his study that vitamin A deficiency was 
not a likely factor in survival of the populations from which his 
pheasants were taken. Also., he indicated that seasonal differences were 
not apparent in the quantity of vitamin A stored in the birds. If this 
is true, it seems unlikely that vitamin A is a survival factor. 
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Results obtained by O'Toole (i6) indicate that the game farm 
pheasants released in 1948 also had smaller amounts of vitamin A in 
their livers than wild birds of the same age. The average amounts of 
vitamin A stored by the wild birds in O'Toole,s study and in this study 
are similar. Also, the livers of the game farm birds used in the two 
studies contained about equal amounts of vitamin A at the beginning 
and end of the experiments. Both studies were begun and completed at 
approximately the same tilne of year. 
Because of the lack of information concerning the daily require-
ment of vitamin A for pheasants, it cannot be stated how many u.s.P. 
units of vitamin A a pheasant must store in order to survive periods 
when no carotene or vitamin is available to the bird. Since the last 
samples of the game fann birds were taken the 29th of October, it can-
not be definitely determined how many units of vitamin A were stored 
in the liver before adverse weather conditions removed all sources of 
provitamin A. However, for purpose of discussion, the amount would 
probably exceed 40,000 units, since the amount increased approximately 
10,000 units from October 5 to October 29. Also, the amount of caro-
tene stored would eventually add to the supply. Assuming the Vii nter 
season lasted 150 days, during which tilne no provitaroin A was available 
to the birds, and that they had stored 40,000 u.s.P. units of vitamin A, 
then the birds could utilize about 260 u.s.P. units daily and still 
survive. Unfortunately, it cannot be stated that tbis amount is suffi-
ci ent; however, interesting comparisons between this amount and the 
amounts of vitamin A required daily by quail and domestic fowl can be 
made. 
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Frohring and Wyeno (5) state that the minimum requirement of 
vitamin A of the white Leghorn chicks at the age of aoout 8 weeks is 
approximately 93 u.s.P. units per day, but they are of the opinion that 
the optimum requirement is much higher than their tests indicate. 
Biely and Chalmers (1) found that 75 u.s.P. units of vitamin A admin-
istered daily insured normal. growth of chicks to 8 weeks of age. 
Nestler (14) found that 40 u.s.P. units of vitamin A were recpired per 
day for survival of bobwhite quail during vn. nter, and 100 units for 
maximum body needs, including optimum subsequent reproduction. From 
the work of Wilgus, as reported by Ewing (4), calculations can be made 
which indicate the daily requirement of turkeys up to 8 weeks of age 
definitely exceeds 65 u.s.P. units and approximately 380 units are 
needed to prevent mortal.ity from vitamin A deficiency. These calcula-
tions assume that 8 pounds of feed was consumed by the turkeys over the 
8-week period. Jukes (9) made rough estimates of the daily requirements 
of vitamin A for turkeys, 4 to 8 weeks old, and concluded that over a 
28 day period the birds lost an average of 900 u.s.P. units of vitamin A 
per day from that stored in their liver. If the requirements of 
pheasants for vitamin A more nearly approach that of turkeys than other 
birds, as has been indicated by diets recommended by Norris (15) and 
Scott and Reynolds (l8), then it may be questionable whether 26o u.s.P. 
units per day would be sufficient to maintain pheasants during periods 
in vhich no vitamin A is available. Also, most investigations concern-
ing the vitamin A requirements of chickens and turkeys are performed 
on growing birds, and repor ts from Ewing (4) and Titus (22) indicate 
that requirements for vitamin A increase with age until sexual maturity 
is reached. Thus, in light of the present knowledge regarding other 
fowl, the requirement of vitamin A for pheasants is difficult to 
establish. 
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To the author's knowledge, no information has been published con-
cerning the daily nutritive requirements of pheasants for carotene end 
vitamin A. Persona1 correspondence -with some leading investigators in 
poultry nutrition who have studied pheasants failed to produce any 
definite information regarding the problem. Therefore, until further 
investigations produce this information, no conclusive statements can 
be made regarding the vitalllin A requirement of pheasants. 
Field Observations 
Adaptat!£.n Tren~~ Field notes were kept regarding the behavior of 
the birds in the conditioning pens, and of the groups after they were 
released. The conditioning process appeared to be beneficial to the 
birds. 
While the birds were in the conditioning pens, numerous changes 
in their reactions were noticed. Perhaps the most important change 
was their increasing alertness and wariness. When the birds were 
first placed in the conditioning pens, they would pace up and down the 
sides of the enclosure. Also, when the pens were searched daily for 
dead birds, no attempt was made by the birds to hide or evade the 
attendant. Within 10 days the birds would run or seek cover upon the 
approach of man or dog, and would freeze or hide when field personnel 
entered the pens. 
The feeding habits of the birds also changed. The first 3 or 4 
days the birds wandered around in an apparent dazed condition showing 
no indications that they lmew what to eat. This was substantiated by 
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examining the contents of the gizzards of several birds that died. One 
gizzard contained a piece of wood an inch and one-half long and a half 
inch in diameter. Another gizzard was impacted with a 10 inch piece of 
friction tape, and several gizzards contained fibrous material impacted 
to the extent that it could not be separated with two pairs of forceps. 
Other gizzards contained cockleburs. A gradual transition in the feeding 
habits occurred, and within the first week the birds were noticed pick-
ing at green forage, chasing insects, and eating the mash and grain mix-
ture which was scattered upon the ground. 
Perhaps the most important advantage of the conditioning pens was 
to protect the birds from natural predators while they underwent the 
transition from game farm conditions to those of the wild. (Wild con-
ditions were duplicated as nearly as possible within the conditioning 
pens). 
When the conditioned and 12-week birds were released into the study 
area, the 12-week birds showed evidence of the same dazed cond...ttion 
noticed when game farm birds were released into the conditioning pens. 
On the other hand, the conditioned birds adapted themselves readily to 
the wild environment and they were seen less frequently than the 8 and 
12-week-released birds. Birds of the latter two groups were observed 
on numerous occasions running along roads, paths, garden rows, and other 
openings. Trapping the birds also produced interesting evidence concern-
ing the benefits of conditioning. Invariably a longer time was required 
to trap the conditioned birds. This was believed to be due to the bet-
ter dispersal of the conditioned birds; hence the task of obtaining 
them was more difficult. The possibility must be considered that the 
conditioned birds were observed less frequently because they decreased 
in numbers after they were released. However, evidence against this 
possibility is that approximately equal numbers of conditioned and 
12-vieek-released birds were obtained by trapping. 
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Hunti!:,g. Returns. Table 2 gives the number of birds taken from each 
group of game farm birds during the 1949 hunting season. 
The percentage return was greater for the conditioned birds than 
for the other game farm groups. Some possible reasons for this are 
that the conditioned birds were possibly less wary than the other 
groups, hence more birds were taken; or the survival rate of the condi-
tioned group may have been the greatest, hence more birds were avail-
able to the hunters . From the observations and. reports by the field 
personnel during the course of the study, the latter reason seems most 
probable . 
Effect£!. Transportation~~~ Pheasants 
The analyses of livers taken from 12 game farm-reared birds showed 
no significant difference in the levels of vitamin A due to transporta-
tion . Thus, it is assumed that the quantities of carotene and vitamin 
A stored in the liver are not affected by transporting the birds from 
one locality to another. 
The difference between average liver weights of the two groups was 
highly significant, indicating that transporting birds greatly influences 
liver weight. The average liver weight of the birds killed at the 
Vernal Refuge was 20.5 percent below the average weight of the birds 
killed at Price before the trip. The loss in liver weight may be due 
to an increased breakdown of stored glycogen during transportation, 
since fright is known to increase glycogenolysis (23). 
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Table 2. Hunting returns of game farm pheasants from study area south 
of Jensen, Utah, 1949 
No. of bands 
study No. of birds returned by Percent 
&,l'.'0Up available• hunters return 
8-wk.-rel. 161 34 21.1 
cond. 134 34 25.Li 
12-wk. -rel. 150 27 18.0 
$ Number of birds released minus the number removed for samples and 
known mortality losses 
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The body weights of the birds killed at Vernal were taken before 
and after the trip and showed a loss of 8.9 percent upon arrival at the 
Vernal Refuge. Subsequent weights were kept on other birds and these 
indicate that the weight loss varied directly with the length of time 
the birds remained in the shipped crates. The effect of losing approxi-
mately 10 percent of the total body weight within a period of 4 hours, 
accompanied by the apparent state of shock of the birds upon arrival at 
the study area, could easily lessen the chance of survival. Certainly a 
bird in such a condition would be easy prey for predators. 
comparison~ Feeding~~ Pellets~ Growing~~ Pheasants 
Table 3 gives the results obtained from feeding groups of birds 
varying percentages of weed seed pellets and game bird mash. The vitamin 
A analyses of the livers of 18 birds used in this study indicate that the 
diets containin g growing mash gave a higher storage of vitamin A. Since 
there was no significant difference in the amount of carotene stored in 
the livers of the different groups, it is assumed that the higher 
storage of vitamin A was due to the vitamin supplement in the mash (cal-
culated to be about 7,850 u.s.P. units of vitamin A per pound of mash). 
The t-values for the group compari sons indicated that the groups 
receiving 40 and 100 percent mash did not differ , in the amounts of vita-
min A stored. When these groups were compared to the group fed 100 
percent weed seed pellets, significant differences were found in vitamin 
A storage on a per gram liver basis, and highly significant differences 
when compared on a whole liver basis. 
No differences were evident in the comparisons of average body and 
liver weights of the groups. These facts show that the protein and 
caloric intake from the different diets is similar. Also, regardless of 
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Table 3. Body and liver weights, and carotene and vitamin A content 
of livers of pheasants fed varying amounts of weed seed 
pellets and growing mash 
·Ave. carotene Ave. vitamin A 
Diet of liver of liver 
Percent (micrograms) cu,s.P. units) 
-Per- weed Number Average Average Per gm. Per gm. 
cent seed of body liver of Per of Per 
mash Eellets birds weis;ht wei~ht liver liver liver liver 
(gms.) (gms.) 
100 0 6 997 14.25 10.hS 183.05 s.11 69.82 
4o 60 6 976 17.34 ' 5.94 104. 77 3.97 68.90 
0 100 6 857 181129 5.89 111.00 1.12 43.09 
the low vitamin A level in the group receiving 100 percent weed seed 
pellets, sufficient carotene and vitamin A apparently was received for 
normal growth, since body weights were maintained. Further investiga-
tion mey show that the expense of feeding growing mash may be reduced 
by feeding a weed seed pellet supplement. 
Checks ~Accuracy~ Analysis 
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~Effect~ Storage. The results obtained from checking 20 percent 
of the livers after they had been refrozen 1 to 3 months after the first 
analyses were made indicate that there was no carotene or vi tami.n A loss 
due to storage. Checks within plus or mi.nus S percent of the original 
values were obtained from the second analyses. These results agree with 
statements by Jones ~ ~ (8) and EWing (4) that vitamin A in naturally 
occurring substances is very stable when kept in the frozen state. 
Accuracy ~ Method. Fifteen percent of the livers were analyzed 
in duplicate and the results agreed Within plus or mi.nus S percent. 
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SUMMARY 
Six hundred game farm-reared pheasants were used in this study 
to determine whether there is a difference in the carotene and vitamin A 
content of the liver of game farm-reared and wild birds, and to deter-
mine whether vitamin A may be a factor in survival following release of 
game farm birds into the wild. 
One group of game farm birds was released into a study area at 
8-weeks of age, another group was released at 12-weeks of age, and a 
third group was released at 12 weeks of age after remaining in the 
conditioning pens between the 8th and 12th weeks. 
The groups of birds were released into a special study area, and 
samples were obtained at weekly intervals by using the following three 
types of traps: light throw nets, portable set traps, and a large 
permanent drive trap. 
Nineteen wild birds from 6 to 15 weeks of age were taken, and 
although the number was lower than desired., they gave a fair indica-
tion of the amount of storage of carotene and vitamin A by wild birds 
as compared to the groups of game farm birds. 
Comparison of the levels of carotene in the livers of the birds 
indicates that the wild birds stored greater amounts than the game farm 
birds, and that the conditioned birds, while in the conditioning pens, 
generally stored greater amounts than did the other two gaine farm groups. 
After all groups of game farm birds were released into the study 
area., differences in the amount of carotene stored were not significant. 
The data show that wild birds stored from 2 to 5 times more vitamin 
A at a given age than did the game farm birds. (At 9 weeks of age., the 
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wild and game farm birds stored an average 5,518 and 2,485 u.s.P. units 
of vitamin A, respectively. At 15 weeks of age, the wild birds stored 
34,226 u.s.P. units of vitamin A, and the game-farm birds stored 
10,726 units.) There was no significant difference in the amount of 
vitamin A stored by the different groups of game farm birds. 
comparison of the body weights of the different study groups indi-
cated that the group that remained at the game far.rn an additional 4 
weeks (124veek-released group) were heavier than the other two groups 
of study birds. However, after all groups were in the study area, no 
significant body weight differences were detected. 
comparison of the liver weights of the different groups failed to 
show any statistically significant differences between groups. 
The conditioning process appears to be a definite advantage to the 
birds, even though there was no significant increase in vitrunin A. 
Field observations indicated that the conditioned birds adapted them-
selves more readily to the wild environment than did the other two 
game farm groups. 
Hunting returns showed a greater percentage return of the condi-
tioned group than of the other game farm groups. The returns from the 
1950 hunting season will be studied to obtain additional information 
concerning survival of game farm birds. 
The study indicates that the carotene and vitamin A levels in the 
livers were not decreased during transportation of the birds from the 
Price game farm to the Vernal Refuge, a distance of 120 miles. 
37 
A study of pheasants fed varying amounts of weed seed pellets and 
growing mash indicated that birds receiving mash in the diet stored 
higher levels of vitamin A than did groups on straight weed seed pellets. 
The body weight differences of the groups fed varying amounts of 
mash and weed seed pellets were not significant statistically. 
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